ABSTRACT
INTRODUCTION
Anatomic abnormalities of the hepatic artery are common in the general population.
Its prevalence ranges from 25-45% (1) (2) (3) (4) . The most frequent arterial variant is the aberrant right hepatic artery arising from the superior mesenteric artery (SMA) followed by aberrant left hepatic artery originated from the left gastric artery (1) . The presence of a right hepatic artery (RHA) branch from SMA during pancreatic cancer surgery may have important implications. First, RHA branch from SMA has high chances of being encompassed by cephalo-pancreatic tumors (5) . During surgery it is possible to injury a hepatic artery arising from SMA or otherwise may compromise the R0 resection in an attempt to preserve it. Thus, their presence may involve longer operative time and, consequently, increased postoperative morbidity and mortality.
However, the potential impact of a hepatic artery (HA) arising from SMA in pancreaticoduodenectomy (PD) is not well known. The main objective of this study is to analyze the frequency of anatomical variants in our area and to assess the surgical and oncological implications in the presence of a HA arising from SMA during oncological PD by means comparing the postoperative morbidity and mortality.
MATERIAL AND METHODS
Descriptive and analytical observational study where we retrospectively analyzed 263 cases who underwent pancreatic surgery at the Hospital Universitario "Virgen del Rocío" (Seville, Spain) from January 2005 to February 2012. To avoid bias we have established these criteria; patients diagnosed of periampullary malignancy (ampulloma, adenocarcinoma of the pancreas or duodenum, neuroendocrine tumors and distal cholangiocarcinomas) that undergone an oncologic PD or total pancreatectomy. We excluded non-neoplasic cases and non-periampullary tumors.
Non resectable cases also were excluded.
We divided the series into 2 groups based on the finding or not of a HA arising from SMA during the perioperative period (diagnosed by preoperative imaging test or during surgery). Group A included pancreatic resections with HA arising from SMA and group B included patients with hepatic vascular anatomy unchanged.
Hepatic arterial variants can be defined as aberrant or accessory. Aberrant right hepatic artery is defined as a unique right hepatic artery originating from SMA (5).
When the right hepatic lobe is irrigated by two arteries, one right hepatic arising from the hepatic artery and another right hepatic artery from SMA, we say that the latter is an accessory right hepatic artery (5) (Fig. 1) . For preoperative study, we used ultrasound + abdominal angio-CT or ultrasound + abdominal angio-CT + abdominal MRI. They were performed by two radiologists dedicated exclusively to abdominopelvic digestive pathology on their daily medical activity. We did not use mesenteric trunk arteriography.
We valued the specificity and sensitivity of radiological tests for the preoperative diagnosis of arterial anatomic variants through the tools provided on the web " www.imim.es/ofertadeserveis/softward-public/granmo/". The preoperative variables were age, gender, anesthetic risk (according to the American Society of Anesthesiologists) (6) and the radiological diagnosis of RHA arising from SMA by angio-CT/MRI (yes/no). The intraoperative variables were operating time, the number of red blood packed cells transfused during surgery and intraoperative detection of RHA arising from SMA. Finally, postoperative variables were hospital stay, mortality, postoperative morbidity, resection type (R0, R1 or R2) and the existence of positive nodes in the surgical specimen. Operating time was defined as time (minutes) quantified, between the beginning of the skin incision until the end of closing. To evaluate postoperative morbidity, we use Clavien -Dindo classification (7) ( Table I) .
Regarding the type of resection, we used the criteria of the American Joint Commission on Cancer Staging Manual (6 th edition) once performed the pathological anatomical study (8) . We considered R0 the absence of tumor cells in all resection margins; R1 if tumor cells were detected less than 1 mm from the resection margin; R2 if there were evidence of macroscopic tumor (9) . Tumor resection margins studied were: Section of the distal bile duct, retroportal plane and the edge of pancreatic section. In all cases a sheet of 3 mm from the pancreatic remnant was sent intraoperatively before doing the pancreato-jejunal anastomoses.
We have got highly standardized the different steps of the oncologic PD. Through a wide Kocher maneuver we expose the SMA origin and confirm the absence of tumor infiltration. To identify the presence of a RHA arising from SMA, we systematically palpate the free edge of the hepatoduodenal ligament. At this level, it runs posterolateral to the common hepatic duct, where the pulse of the accessory artery is felt.
Likewise, we meticulously dissected the main biliary duct to prevent inadvertent ligation of the RHA arising from SMA. As part of lymphadenectomy, we proceed to the disection of the portal vein and common hepatic artery. RHA should be released to its origin in the SMA. The digestive continuity was rebuilt by means a Roux-en-Y loop in all patients underwent PD with reconstruction. We used a two layers for pancrato-jejuno anastomoses: Ducto-mucosa with loose point of Maxon loop 5/0 and a second seroserous layer with a continuous suture (Prolene 4/0). Patients were followed for our service for 5 years from the surgery. We performed an abdominal CT scan every 6 months for the first two years and each year after the third year. Once this period over, patients were discharged from our office. Preoperative radiological diagnosis of arterial variant was done only in 3 cases (27 %), 2 by CT and 1 by MRI. Remaining cases were identified during surgical dissection.
Sensitivity (S) and specificity (E) of ultrasound + abdominal angio-CT association for detecting a variation in the preoperative study provided a S = 33% and E = 100%.
Moreover, the association of ultrasound + angio-CT+ MRI reported an S = 20% and E = 100% (Table III) .
In 10 of 11 cases, variant artery arising from the SMA followed a posterior trajectory behind pancreas head and postero-lateral trajectory to portal trunk without being infiltrated by the tumor. In one case, the aberrant RHA was infiltrated by the tumor. It was necessary to do a resection with anastomose to remove the tumor. In-block resection with the head of the pancreas was performed. Aberrant RHA was sutured to the stump of gastroduodenal artery. There was no case of involuntary vessel injury during surgery.
The presence of a HA arising from SMA does not seem to influence in surgery duration or intraoperative transfusions. We have not observed significant differences between groups. Neither it appears to increased morbidity nor postoperative stay (p = 0.17). (11, 12) . The main abnormality found in the literature is the right hepatic artery arising from the superior mesenteric artery, whose incidence is between 13 to 26 % (11,13) In our series, the distribution of the variant has been of 7 aberrant RHA, 2 accessory RHA, and 2 common HA arising from SMA. This implies an overall variant prevalence of 7.2%, somewhat lower than the percentage observed in the literature (5). The term "accessory" is used when the variant coexisting with the normal anatomy. In its absence, the variant is called "aberrant".
Classically, the presence of an arterial variant could be a contraindication for surgery (12) . Nowadays, we know that oncologic surgery of the head of the pancreas is feasible There are many arterial reconstructive techniques for the RHA after section. Some reports describe techniques with the interposition of a vein or prosthetic graft (22, 23) .The prosthetic material has the disadvantage of being inserted into a field that is not completely sterile after performing the corresponding anastomoses of the PD.
On the other hand, both grafts required to perform two anastomoses. The technique of transposition of the gastroduodenal artery described above, eliminates the need for grafts or prosthesis, providing an adequate blood flow with an artery with a similar size and a single anastomose, allowing the surgeon to achieve adequate tumor resection margin in a population with a unique features.
As conclusion, oncologic pancreatic surgery in presence of a variant hepatic artery is feasible. Anatomical variant diagnosis is mainly done during surgery. CT and MRI have low sensitivity for detection of arterial anomalies; however in hands of surgeons with extensive experience, the complexity of having a variant hepatic artery, not seem to influence in tumor resection margins, postoperative complications or survival. 2 (18) 2 (18) 2 (18) 67 (46) 23 (16) 34 ( 
